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Introduction: The high-performance capabilities of the knee joint require an equally robust sensor to
measure their kinematics. While motion capture systems have collected scores of valuable angle data they
are volume restricted and expensive. To collect angle data inexpensively during athletic performance and
in clinical applications new alternative approaches must be taken. Inertial Measurement Units (IMU)
using accelerometers, gyroscopes, and magnetometers have been used successfully to measure joint
angles, but require complex models that are limited in their applications, cannot compensate for large drift
inflexions or require other sensors that are environment limited [1]. High deflection nanocomposite strain
gauges are a silicone substrate with conductive nanoparticles that changes electrical resistance in direct
proportion to how far they have been stretched. They have previously shown promise as an activity sensor
[2]. We hypothesize that a nanocomposite high deflection strain gauge sensor can accurately characterize
flexion extension angles in the knee.
Materials and Methods: The nanocomposite sensors are made from Ecoflex 00-30 silicone, 11% Nickel
Nanostrands, and 2% of Nickel Coated Carbon Fiber by volume (20% Nickle by weight) from
Conductive Composites (Heber City, UT). The strain gauge was adhered using the pure matrix as a glue
directly onto athletic tape which was then applied centered over the patella. The gauge data was collected
at 1027 Hz on an RFduino microcontroller (Heptagon, Singapore). IRB approved the subject, age 25,
height 6’ 2”, weight 180 lbs, who acknowledged informed consent through his signature, to run and walk
at various speeds (3-7 MPH). Joint angles were calibrated with and compared to a motion capture system
(250 Hz, VICON, Santa Rosa, CA). Both the strain gauge data and marker data were filtered using a low
pass 15 Hz and 6 Hz bidirectional Butterworth filter respectively. Marker data was converted to angles
using Visual 3-D (C-Motion, Germantown, MD). Model making and statistical analysis were performed
on Matlab (MathWorks,
Natick, MA).
Results and Discussion: At
angles higher than 20 degrees
the skin strain sensor showed
remarkable fidelity to the knee
flexion extension angles at all
speeds (Figure 1). Hysteresis
in the sensor was present in all
trials but was especially
prevalent in the walking 5MPH
trial. In the 7MPH trial a linear
model could be created that
could predict all angles with a
RMS error of 8.2 degrees.
Figure 1 Knee angle prediction model for angles >20 degrees
Conclusions: The
nanocomposite strain gauge
appears to show promise as an inexpensive sensor to either supplement or replace the accelerometer
method of knee angle measurement. With additional investigation into nonlinear models this could
become a suitable alternative to knee angle measurement outside of a laboratory setting.
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